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論文内容の要旨 
 
Introduction 
Large numbers of species are present on the Earth. Why so many kinds of 
species have evolved and prospere on the Earth? How the life emerged? Is 
it unique phenomenon on the Earth? These questions are most important 
problems in science. 
Scientists have been investigating these questions. Astrobiology is a 
discipline to cope with these questions. In astrobiology, scientists are 
addressing these basic questions that have been asked in various ways for 
generations: how does life begin and evolve, dose life exist elsewhere in 
the universe, and what is the future of life on the Earth and beyond? My 
study focuses on the viability and the existence of life at the boundary 
of biosphere: between the Earth and space. 
Our group have proposed the “Tanpopo mission” to investigate possible 
interplanetary transfer of microbes and organic compounds on Japan 
Experimental Module (JEM) of the International Space Station (ISS). We are 
planning to capture micro-particles including microbes and micrometeoroids 
at the altitude of ISS orbit. We will also plan to capture the particles 
orbiting ISS. Silica gel with ultra-low density will be used as a capturing 
medium. The silica gel is called aerogel. Silica aerogel will be exposed 
to space for up to several years. After retrieving the aerogel, we will 
investigate captured micro-particles and tracks formed, followed by 
microbiological, organochemical and mineralogical analyses. We will stain 
the tracks and particles to detect microbial DNA with DNA-specific 
fluorescent dyes and observe the particles and tracks with a fluorescence 
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microscope to detect microbes. Particles potentially containing microbes 
will be used for PCR amplification of rRNA gene followed by DNA sequencing. 
The exposure experiment of microbes is another theme of the Tanpopo mission. 
We are going to investigate the viability of aggregated microbes at ISS 
orbit for a long term. We will expose the dehydrated microbial cells. After 
exposure experiment, we will analyze the survival rate of microbial cells. 
Deinococcus spp. Will be used in the exposure experiment. The focuses of 
my study are to evaluate the scientific feasibility based on the ground 
experiment. After the brief general introduction in Chapter 1, I will 
describe exposure experiment of microbes in Chapter 2, 
and in Chapter 3 and 4, capturing experiment of microbes will be discussed. 
 
Chapter 2. 
The possible interplanetary transfer of aggregated microbes: Assessing 
the viability of Deinococcus spp. under the ISS environmental conditions 
Microbial candidates for the exposure experiments in space include 
radio-resistance bacteria Deinococcus radiodurans, D. aerius and 
D.aetherius. In my study, we have examined the survivability of Deinococcus 
spp. under the environmental conditions on ISS orbit (i.e., heavy-ion beams, 
temperature cycles, vacuum and UV irradiation). One-year dose of heavy-ion 
beam irradiation did not affect the viability of Deinococcus spp. within 
the detection limit. Vacuum (10–1 Pa) also had little effect on the cell 
viability. Experiments to test the effects of changes in temperature from 
80oC to –80oC in 90 min (± 80oC/90 min cycle) or from 60oC to –60oC in 90 
min (± 60oC/90 min cycle) on cell viability revealed that the survival rate 
decreased severely by the ± 80oC/90 min temperature cycle. Exposure of 
deinococcal cell aggregates with various thicknesses to UV radiation (172 
nm and 254 nm, respectively) revealed that aggregates of deinococcal cells 
with millimeter size may be able to withstand the solar UV radiation on 
ISS for one-year. We concluded that aggregated deinococcal cells will 
survive the year-long exposure experiments. We propose that the microbial 
cell aggregate as an ark for the interplanetary transfer of microbes, and 
we named it ‘massapanspermia’. 
Chapter 3. 
Fluorescence imaging of the micro-particles containing microbes 
accelerated by a 
two-stage light gas gun and collided with ultra-low density silica aerogel. 
We are planning to detect microbial DNA in the captured micro-particles 
and tracks by DNA-specific fluorescent probes. Non-specific fluorescence 
is often observed from vitrified materials (i.e. aerogel and mineral 
particles such as clay). We performed hyper velocity impact experiment by 
using a two-stage light gas gun. The micro-particles of clay mixed with 
D. radiodurans cells were collided with aerogel at 4 km/s. The tracks and 
captured particles were characterized by stereoscopic microscope. 
The captured particles dissipated their mass. However, clay particles can 
remain at the end of the tracks. In the tracks stained with SYBR Green I, 
microbial DNA was detected, which could the distinguished from mineral 
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particles by comparing the fluorescence spectra and attenuation rate of 
fluorescence intensity. The established method can be used to test the 
existence of microbes at ISS altitude. 
Chapter 4. 
Evaluation of bacterial contamination in silica aerogel by PCR 
The silica aerogel tiles will be used for the analysis of microbial DNA 
by PCR. For the PCR analysis of the captured microbes, aerogel tiles must 
not be contaminated with bacterial DNA in the course of manufacturing. The 
16S rRNA gene was amplified from the various amounts of aerogel blocks. 
The PCR product was analyzed with agarose gel electrophoresis. The 
detectable amounts of DNA dose not exist on 0.21 mg of aerogel tile. The 
level of microbial DNA contamination in aerogel is below the detection limit. 
Accordingly, the aerogel can be used for the PCR analysis for the Tanpopo 
mission. 
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審査結果の要旨 
 
 本学位申請者は、国際宇宙ステーション曝露部で計画されている宇宙実験「たんぽぽ
計画」の実施に向けた予備実験を行い、その結果を博士論文として報告した。第一章で
は、これまで宇宙空間で行われた微生物曝露実験および「たんぽぽ計画」に関する概要
が紹介されている。 
 第二章では、宇宙空間で微生物を曝露する実験の準備の為に、宇宙空間で予想される
幾つかの環境要因に対する耐性を Deinococcus属の菌を材料として評価した。幾つかの
環境要因の内で紫外線による効果は厚みを持つ層状にした場合に大幅に低下し、厚みを
もつ層状の微生物は紫外線照射下での生存率が大幅に増加する事を見いだした。重粒子
線、γ線、真空紫外、UVC、UVB、温度サイクルの効果を総合的に考えた場合にも、
厚さ 2mm の層状の微生物は１年間の宇宙曝露に耐えうることが推定された。これまで、
宇宙空間を隕石中で守られて生物が移動するという仮説は「リソ（岩石の意）パンスペ
ルミア」と呼ばれているのに対し、微生物が塊で移動するという仮説を「マサ（塊の意）
パンスペルミア」仮説として提唱した。 
 第三章では、エアロゲルと呼ばれる超低密度シリカを用いて、高速で宇宙空間を飛来
する微生物を含む微粒子を捕捉可能であるかどうかを確認する研究を行った。宇宙研の
２段式ガス銃を用いて、微生物を含む粘度粒子を高速でエアロゲルに衝突させたところ、
衝突痕の末端に微粒子が残存していることが確認された。また、粒子中の微生物を蛍光
色素染色によって確認可能で有ることが示された。 
 第四章では、エアロゲル中の微生物種を同定する為に 16SrRNA 遺伝子を PCR 増幅、
解析する方法に関して検討した。その結果、PCR 反応液に混入が予想される量のエアロ
ゲルによって PCR 増幅が阻害されないこと、エアロゲル中に含まれる混入微生物の量
が検出限界以下であることを確認した。 
 本論文は、宇宙空間での微生物捕集技術開発に基礎となる重要な知見を与えるもので
ある。さらに、一般的な微生物学に関する知識に対する質問も行ったが、質疑応答は適
切であった。 
 以上の結果より、本申請者が博士学位論文の授与に値すると判定した。 
 
